no marked abnormality in the pregnanedibl excretion in the majority of rheumatoid arthritic subjects, but, since some of the latter showed pregnanediol recoveries outside the range which had been regarded as "normal" by Sommerville and others (1950) , it was felt that further investigations would be advisable.
There is some evidence from studies on human subjects and experimental animals that severe liver dysfunction may be associated with an abnormally high urinary excretion of pregnanediol after the administration of progesterone (Paschkis, Cantarrow, and Havens, 1951; Russell, 1952) . Furthermore, it has been claimed by some authors (Rawls, Weiss, and Collins, 1939; Hench, Bauer, Dawson, Hall, Holbrook, Key, and McEwan, 1941; Miller, 1935; Darby, 1953) that abnormalities in liver function occur not infrequently in rheumatoid arthritic subjects. Accordingly the possibility was considered that the apparent abnormalities in progesterone metabolism observed in some rheumatoid arthritic subjects might be confined to those with abnormalities in liver function. In view of this possibility, and of the conflicting results reported by various authors, it was decided to undertake a thorough investigation of liver function by a number of recognized tests in an unselected group of patients suffering from rheumatoid arthritis. This part of the study was specifically designed to investigate the possible association of impairment of liver function with abnormal progesterone metabolism. Only those cases showing significant abnormalities in liver function were to be submitted to tests of progesterone metabolism. At the same time it was decided to extend the observations on progesterone metabolism in a further group of normal and rheumatoid subjects. The two parts of the investigation were to a large extent carried out independently. The results of the work on liver function are presented in Part I of this communication and those on progesterone metabolism in Part II.
I. LIVER FUNCTION IN RHEUMATOID ARTHRITIS
During the past 30 years many conflicting reports have appeared on liver function in relation to rheumatoid arthritis. The metabolism in the liver of protein and of carbohydrate has received most attention, but, although there is general agreement on the existence of abnormalities in protein metabolism, no such agreement can be found with respect ANNALS OF THE RHEUMATIC DISEASES of carbohydrates. The more general functions of liver-regulation of enzyme activity, detoxification, bile pigment and cholesterol metabolism, and secretary and excretory functions-have been much less widely investigated.
Hench and others (1941) , in a general review of clinical and biochemical findings in rheumatoid arthritis, summarized previous work. They concluded that there is no evidence of any gross liver dysfunction, but stressed the difficulty of devising liver function tests delicate or specific enough for use in conditions where a minor dysfunction is suspected. The method of plasma protein fractionation used by early workers has been supplanted by the newer electrophoretic techniques. In this way, Routh and Paul (1950) were able to follow the plasma protein pattern throughout the different phases of the disease, and to show a direct relationship between the degree of abnormality and the severity of the disease. Other workers have confirmed these results. Despite this marked abnormality in protein metabolism, there is evidence of only slight quantitative and qualitative differences in the amino-acid composition of blood or urine (Borden, Wallraff, Brodie, Holbrook, Hill, Stephens, Kent, and Kemmerer, 1950) . Creatine levels in both blood and urine are reported as normal by Dawson and Salt (1952) .
The hippuric acid recovery test, in which administered benzoic acid is conjugated with glycine in the liver, has been used to study detoxification. Lemon, Chasen, and Looney (1952) , using this test in a study of glycine metabolism (20 per cent. of the aminoacid residue in collagen consists of glycine), found normal recovery figures in all stages of rheumatoid arthritis, except in severe cases when wasting was present, and in these blood glycine levels were reduced. From these results they concluded that the liver is functioning normally in arthritis, low recoveries being due to extrahepatic demands on glycine reserves. Rawls and others (1939) (Steinberg and Suter, 1939) , and of cholinesterase (Grob, Lilienthal, Harvey, and Jones, 1947 Block, Buchanan, and Freyberg (1941) and Lemon and others (1952) found no abnormality in either cholesterol or phospholipid metabolism in rheumatoid arthritis. During wasting and malnutrition, Wells, Lowrey, and Ross (1951) found low plasma cholesterol levels, but normal levels are reported in less severe stages of the disease.
Knowledge of the metabolism of bile pigment is scanty, the figures for plasma bilirubin being varied and unreliable (Rawls and others, 1939) . Pemberton and Foster (1920) were the first to report evidence of abnormal carbohydrate metabolism in rheumatoid arthritis. In a group of sixty patients, a high proportion showed decreased glucose tolerance following the oral administration of 100 g. glucose. They stated that there was a definite relationship between the degree of abnormality and the activity of the arthritis. Improvement in the disease was accompanied by a return to a more normal response. Shackle afd Copeman (1933) confirmed the finding of Pemberton and Foster, but Kersley (1937) reported that sugar tolerance was normal in the majority of cases. Flynn and Irish (1946) The results of fructose tolerance tests performed by Kimball (1932) and by Miller (1935) are contradictory, but may be disregarded as both authors measured total blood sugar and so lost the advantages of this test. Although glucose tolerance tests gave normal results in all of eleven cases studied by Weber (1939) , Wells and others (1951) found evidence of slight abnormality. Rawls and others (1939) reported an abnormality in the metabolism LIVER FUNCTION AND STEROID METABOLISM IN RHEUMATOID ARTHRITIS 185 of galactose in 14 per cent. of patients examined, but did not stress these results as they considered the test unsatisfactory.
Methods and Materials
The tests were chosen to cover as wide a range of liver function as possible, and, with few exceptions, the methods used were the standard procedures described in the literature:
The following tests were performed: (1) Plasma bilirubin (Haslewood and King, 1937) (2) Urinary urobilinogen (Wallace andDiamond, 1925) . (3) Bromsulphophthalein retention test (Ingelfinger, Bradley, Mendeloff, and Kramer, 1948) . (4) Hippuric acid test (Quick, 1940) . (5) Serum alkaline phosphatase (Bessey, Lowry, and Brock, 1946) . (6) Serum cholinesterase (Michel, 1949) . (7) Plasma cholesterol (Kerr and Bauld, 1953) . (8) Zinc turbidity (Kunkel, 1947) (9) Thymol turbidity (Shank and Hoagland, 1946) . (10) Plasma protein pattern (Tiselius' electrophoretic technique, Tiselius, 1938) . (11) Urinary amino acid composition (Dent, 1951) . (12) Fructose tolerance test (Stewart, Scarborough, and Davidson, 1947) . Initially the tests were performed, where possible, on a group of students, and the figures so obtained were found to fall within the normal range given by the authors of the methods. In all, 44 hospital patients were examined; 29 of these suffered from rheumatoid arthritis, the remaining fifteen being patients from a general medical ward. This latter control group was considered more suitable for comparison with the rheumatic group in respect to age, general mobility, and diet than healthy young students.
The 29 patients with rheumatoid arthritis represented a random sample of the admissions to the Rheumatic Unit, Northern General Hospital. All presented unequivocal signs of the disease and were admitted because of the need for hospital treatment. Patients in the control group had been admitted to hospital for a variety of conditions, but in the majority (thirteen of fifteen) the blood sedimentation rate was within the normal range at the time of the investigation. A note was made of the diagnosis and clinical history in each case. The distribution in the rheumatoid group with regard to sex, age, duration of disease, clinical assessment, haemoglobin level, and erythrocyte sedimentation rate is shown in Table I .
Basic information regarding the controls is also shown, but details of diagnosis and duration of disease are omitted as no significant correlations were apparent.
A low fat, high carbohydrate diet was given for 4 days before and throughout the three days of the test period. All drugs were withheld. Urine was collected for the first 24 hours. The various tests were performed during the next 2 days. Fasting blood was used for all determinations and the time of withdrawal controlled in order to avoid any diurnal variation.
One patient, with cardiovascular disease and an enlarged liver in addition to rheumatoid arthritis, gave Plasma Protein Pattern.-In the early stages of the investigation the plasma protein pattern was examined in twelve patients by the moving boundary Tiselius electrophoresis technique. A 2-to 3-fold increase in fibrinogen was found in every case. The A/G ratio was reduced, and in those showing the most abnormal patterns there was a slight decrease in the a-and 3-globulin fractions.
In Fig. 1 (opposite) , the electrophoretic pattern of the plasma proteins from a normal individual (a) is contrasted with those from three rheumatoid patients; (b) represents the typical pattern in rheumatoid arthritis; (c) reveals the presence of an exceptionally large amount of y-globulin, and (d) a very high fibrinogen content. These observations are in accordance with those reported by other workers.
Fructose Tolerance.-It is known that a significant proportion of glucose is metabolized outside the liver. In order to obtain more accurate information as to carbohydrate metabolism within the liver, the fructose tolerance test was used in the present investigation. It is agreed that the liver is largely responsible for the metabolism of this sugar. The method of estimation is specific for fructose which is not normally present in the peripheral blood. Results may therefore be considered more reliable than those obtained when glucose is used. Stewart and others (1947) claim that, in normal subjects after the ingestion of 50 g. fructose, the level of fructose in the blood never exceeds 20 mg. per cent. and falls to below 8 mg. per cent. in 2 hours. The distribution of results in the rheumatoid and control groups (hospital patients) are shown in Table III . Darby (1953) . Although there is no significant retention of dye in either group, the control group tends to show a higher retention than the rheumatoid group. A histogram of the retention figures is given in Fig. 2 (overleaf The exact significance of the zinc and thymol turbidity tests in relationship to protein metabolism in the liver is not clear. Martin (1949) thought that abnormal thymol turbidities associated with liver damage depend on a disturbance of the intimate relationships of the serum albumin and globulins. Qualitative defects in albumin appear to be important in the production of the reaction in acute hepatitis, but abnormal globulins which contribute to the reaction have been demonstrated in the sera of patients with no other evidence of liver disease. The intensity of the turbidity also depends on the amount of lipid in the serum (Maclagan, 1944; 22 30-min RETENTION Il A Kunkel and Hoagland, 1947) . Reactions above the normal range in the zinc turbidity test are associated with alterations in the globulins. A much higher incidence of positive reactions occurred with thymol than with zinc in the group of rheumatoid patients. The number of positive reactions in the control group of hospital patients was very much less. A study of the plasma protein pattern in rheumatoid patients revealed abnormalities of varying degree, but the A/G ratio was reduced in the majority. An increase in y-globulin and a slight reduction in a-and 5-globulins were found in those with the most abnormal patterns. Positive turbidity tests would be expected in these circumstances, but there is no direct evidence that these changes in the plasma protein pattern in rheumatoid arthritis can be related to hepatic dysfunction. Similar deviations from the normal pattern occur in a wide variety of diseases in which other evidence of liver damage is absent. No satisfactory explanation for the marked increase in fibrinogen commonly found in the active phase of rheumatoid arthritis has ever been offered, but this abnormality is not a feature in cases with other evidence of liver damage. There is no satisfactory proof of a hyperimmune reaction in rheumatoid disease, but this possibility must be considered in seeking an explanation for alterations in the globulin fractions.
Investigation of carbohydrate metabolism by the fructose tolerance test revealed a significant difference between rheumatoid patients and controls, but the delay in clearing the sugar from the blood in the former was not very marked. This evidence of slight impairment of carbohydrate metabolism in the liver is in agreement with results reported by a number of other workers.
Using the method of Ingelfinger and others (1948) Darby (1953) were not confirmed.
These results indicate that there is minimal evidence of liver damage in patients suffering from rheumatoid arthritis, but it is possible that the tests here reported are not sufficiently sensitive to reveal functional abnormalities which may be of significance in the pathogenesis of this disease.
II. URINARY ExcRETION OF PREGNANEDIOL AFTER ADMINISTRATION OF PROGESTERONE IN NORMAL INDIVIDUALS AND PATIENTS WITH RHEUMATOID ARTHRITIS
Methods.-Experimental subjects were injected intramuscularly with 50 mg. progesterone dissolved in 50 ml. olive oil, and 24-hour urine specimens were collected from each subject on the day before the injection and on the following 4 to 5 days. Pregnanediol determinations in duplicate were carried out on each specimen by the method of Sommerville, Gough, and Marrian (1948) , and the total pregnanediol excretion calculated after correction for the "urine blank". Experiments were carried out on seventeen rheumatoid arthritic men, nine rheumatoid arthritic women, eight normal men and one normal woman.
Results.-These are shown in Fig. 3A , the results obtained by Sommerville and others (1950) and Sommerville (1950) being recorded alongside for the sake of comparison (Fig. 3B) .
Discussion.-Although in the present work experiments were carried out on nine normal subjects only, it is clear that the normal range of pregnanediol recovery is considerably wider than was suggested by Sommerville and others (1950) and Sommerville (1950) . In fact, four of these nine subjects showed pregnanediol recoveries which previously would have been regarded as abnormally high.
Of the 26 rheumatoid arthritic cases studied, 21 showed pregnanediol recoveries within the normal range as determined in the present work, and no fewer than eleven showed recoveries falling within the normal range of Sommerville and others (1950) and Sommerville (1950) .
It is clear that, contrary to the claim of Sommerville and others (1950) , there is no consistent difference between normal and rheumatoid arthritic subjects in the urinary excretion of pregnanediol after the intramuscular administration of pro- progesterone.
(B) Sommerville and others (1950) and Sommerville (1950) , using two doses of 60 mg. progesterone on successive days, or a single dose of 60 mg. progesterone.
of Sommerville and others (1950) and Sommerville (1950) (4) La prolongaci6n de la eliminaci6n sanguinea de la fructosa sugiere la existencia de un desarreglo benigno del metabolism carbohidrico. 
